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the land is under intense cultivation, and the various genera extend from the coastal marshes at sea-level to the high patramos above the tree line." The Melastomataceae are a large family (v.i.) and diverse in terms of habit, reproductive and vegetative architecture (Cremers, 1983), and indument (Wurdack, 1986) . Memecylaceae comprise about 89 species in the Neotropics and are much less diverse in these characters.
The present survey is based on my observations of the reproductive biology of many Brazilian and some Venezuelan species and on a review of the literature. The survey is presented in five sections. First, an outline of the classification and reproductive morphological features of the Melastomataceae and Memecylaceae is given; second, breeding systems and cytology are discussed; third, the pollination spectra found in the two families are described; fourth, a brief survey is made of seed dispersal in the two families; fifth, the reproductive biological information is related to the fossil record and distributional data to contribute to a better understanding of the historical evolution of the two families.
Flowering and fruiting phenology of neotropical melastomes and Memecylaceae are not dealt with here, but reference may be made to Snow (1965) , Croat (1978) , Opler et al. (1980) , Hilty (19.80 ), Lumer (1982) , and Renner (1984 and in prep.) . Suffice it to say that synchronous, episodic flowering with the episodes of short duration (a few days) characterizes some of the arborescent species of the largest genus, Miconia, whereas extended flowering periods (several weeks or months) are characteristic of many of the shrubs, herbs, epiphytes, and some of the tree species.
CLASSIFICATION AND REPRODUCTIVE

MORPHOLOGICAL FEATURES
Worldwide, the Melastomataceae A. L. Juss. (excluding the ca. ten species of Crypteronia, Axinandra, and Dactylocladus, i.e., the Crypteroniaceae; Dahlgren & Thorne, 1984) and the Memecylaceae DC. consist of ca. 190 genera and approximately 4,800 species. In the Neotropics, the Melastomataceae comprise over 3,000 species in 107 genera (Table 1 ) and the Memecylaceae 89 species in two genera. About half of these genera contain only one to four species, whereas one genus, Miconia, has some 1,000 species. Though the Memecylaceae are often included in the Melastomataceae as a subfamily, it has been pointed out (see Morley, 1953; Dahlgren & Thorne, 1984; Johnson & Briggs, 1984 ) that the differences between these families are such that their union obscures rather than reflects our knowledge of the two groups. The Memecylaceae consist of the Asian genera Memecylon (ca. 300 spp.) and Lijndenia (4 spp.) (Bremer, 1982 (Bremer, , 1983 The flowers in both families are actinomorphic or weakly to strongly zygomorphic as a result of movements of the stamens and style immediately after the expansion of the petals (Troll, 1922; Ziegler, 1925 ; pers. obs.). In Melastomataceae, the flowers are usually borne in well-developed cymose inflorescences, whereas in Memecylaceae the cymes are often condensed or reduced to a few flowers in fasciculate tufts. In both families, the mostly 4-or 5-merous flowers are perigynous or epigynous with a cup-shaped hypanthium that bears on its rim the calyx lobes, petals, and stamens. The antepetalous stamens are usually longer than the antesepalous ones, which may be staminodial; this dimorphism is more or less pronounced and has given occasion to much speculation concerning its role in pollination. In Melastomataceae with poricidal anthers, the anthers are one-or twopored, a character that is consistent at the species level but varies within genera; there is also considerable variation in the size and position of the pores. Pollen grains are usually free, small, and rather smooth, although polyads and tetrads are known in species of Tococa and Miconia (Patel et al., 1984) .
BREEDING SYSTEMS
The principal mode of promoting outcrossing in most Melastomataceae and Memecylaceae is the very effective spatial separation of pollen and stigma in the flowers (herkogamy). This is achieved by the pollen being enclosed in tubular anthers with apical or subapical pores or slits, which are generally minute, and positioned well distant from the punctiform or capitate stigmas. Also, the stamens are usually shorter than the styles. In bud, the stamens are always folded over in such a way that the anther pores point downward and are maximally distant from the stigma, which lies at the tip of the bud. Thus, chances for automatic selfing before and during anthesis are very low or nil. If, however, during anthesis, an anther or the style bends in such a way that the pore is brought into contact with the stigma, automatic selfing may occur. This has been reported for Monolena trichopoda (Melastomataceae; Warner, 1981) where, late in anthesis, the stamens fold over and the thecae are effectively stuck to the stigmatic exudate.
No pollen escapes from the anthers unless mediated by a vector, which at least potentially may arrive bearing conspecific pollen. Almeda (1977 Almeda ( , 1978 suggested that vigorous mechanical movement of the anthers by gusty winds or rains might release pollen in species of Monochaetum and Centradenia (Melastomataceae). Additionally, he often observed pollen in water droplets connecting anthers and stigma and suggested that this might be another possible route for selfing to occur. However, bees, which regularly collect pollen from Melastomataceae, use vibrations of around 420 Hz or higher (this frequency was found to effect ample pollen emission from the large anthers of Bellucia; see below). Therefore, it seems unlikely that the low-frequency vibrations produced by wind could release pollen from melastome anthers. This impression is supported by the lack of fruit set in bagged flowers of nonagamospermic species exposed to strong wind (Renner, 1984) . While autogamy may be extremely rare, vector-mediated selfing (i.e., geitonogamy), a function of pollinator behavior and number of conspecific flowers available at a time, may be.frequent in self-compatible species. Temporal separation of male and female function has been suggested for species of Monochaetum (Almeda, 1978) in which "the ill-defined stigmatic region. . . appears to be non-receptive during the first day." This may be a rare condition because, as a rule, poricidal flowers that offer only pollen as a reward (subsequently also called "pollen-only flowers") receive foreign pollen at the same time a visitor harvests pollen from them; in femalephase flowers, there is nothing to reward visitors (only mimicry or deception might account for visits to female-phase flowers). Homogamy, i.e., the simultaneous functioning of the male and female parts, is thus to be expected in pollen-only flowers. Temporal separation of the male and female function in single flowers has been reported twice in nectariferous melastomes (Ule, 1896; Vogel, 1957) ; in both cases, the flowers were protandrous.
The Melastomataceae are not entirely hermaphroditic. Wurdack (1964) Lumer ( It cannot yet be answered whether polyploidy is more frequent in species with strong agamospermous reproduction than in those which lack apomixis, nor whether there is a correlation between polyploidy and growth habit. POLLINATION 
SYSTEMS
In neotropical Melastomataceae and Memecylaceae, the most widespread pollination system The method of pollen collecting used by all other bees to extract pollen from melastome anthers was first described correctly by van der Pijl (1954). When approaching a flower, in flight, the bees orient themselves with the group of stamens and the style and then straddle the stamens. They usually grasp the filaments or the bases of the anthers, quite often using their mandibles. Therefore, after having been visited, flowers often show necrotic spots on the outside of the stamens where the bees held onto them. When the bees position themselves over the androecium, their potentially pollen-bearing surface contacts the stigma even before they start exploiting the anthers. Also, they strive to establish a firm contact with as many stamens as their body size permits, going to considerable efforts in order to bundle all 8, 10, or 12 stamens. Close contact between the bee and the stamens is necessary for pollen collection by means of thorax vibrations, which are transmitted to the stamens and cause the pollen to stream out of the anther pores. Electrostatic forces due to the net positive charge of the bees and the negative charge of pollen greatly aid pollen-load adhesion (Thorp, 1979) . When a pollen load, taken with forceps from a freshly captured bee, is released near this bee, it jumps back onto it (pers. obs.). The very rapid distortions of the thorax-box (with the wings at rest) are made possible by the unique contractile properties of the bees' fibrillar indirect flight muscles. Pollen collecting by this method is always accompanied by a characteristic buzzing sound and has been termed "buzzing method" (van der Pijl, 1954; Michener, 1962).
The rapid vibrations used when harvesting melastome pollen presumably produce a high temperature of the flight muscles, which may mean-that this method of pollen collecting is particularly appropriate during the relatively cool early morning hours. Also, there are ecological constraints on the activity of dark-colored bees during the hottest hours. Buzz pollination continues with very high humidity of the air and even during slight rains.
In most melastomes, pollen deposition and re- The first reports on nectar production in melastomes are by Ule (1895, 1896) . In three species of Tibouchina (Table 4) growing on the Brazilian Itatiaia mountain range, he observed that nectar was produced by the staminal vascular bundle and secreted either directly from the filaments or sometimes through a slit in the filaments. He suggested bumblebees as the probable pollinators of these species. At Ule's request, the chemist T. Peckolt analyzed the stamens of another species that did not secrete nectar (Ule gave the name as T. glareosa Cogn.; there is no such name, and he probably meant T. granulosa Cogn.). Peckolt found that sugar was present "in great quantity," which suggested to Ule (1896) Except in Miconia, nectar production in Melastomataceae is correlated with floral morphological changes that relate to the fact that the nectar collectors do not vibrate the stamens. Therefore, when nectar instead of pollen is the pollinator reward, the latter must be deposited on a visitor during nectar uptake. This is achieved by the anthers having rather large pores and being stiffened, particularly at the base. Pressure on the base of the anthers exerted by the head of a bee, the bill of a bird, or the front paws of rodents clasping the flowers ejects pollen onto the visitor. Lagerheim (1899) therefore speaks of "bellow" anthers; he found that a match the thickness of a hummingbird bill pushed into the flower of Brachyotum ledifolium so that it pressed the anther bases brought forth a pollen cloud 3 cm long. The flowers of the nectariferous species are inclined or pendent and, in the case of the bird-pollinated ones, usually dark red, deep purple, or bluish to almost black. In Brachyotum ledifolium the petals are yellow, but the hypanthium is covered with bright red hairs. In nectariferous melastomes, the petals do not spread at anthesis but remain convolute almost like in bud. Vogel (1957) The bulk of nectariferous melastomes seem hummingbird-pollinated (Table 4) . Most of them belong to the genus Brachyotum, which comprises 50 species, the majority ornithophilous (Wurdack, 1965 The evolutionary origin of pollination systems involving nectar in Melastomataceae is considered below.
MEMECYLACEAE
In their pollination mechanism, the neotropical Memecylaceae closely resemble the Melastomataceae, and the above description of bees' methods of pollen collecting from melastome flowers also applies to them. In Mouriri, the anthers are stiff, with thickened endothecial walls, and are slightly prolonged just above the insertion of the filaments. The prolongations, termed "caudae" (Morley, 1953) , are used as footholds by the bees exploiting Mouriri anthers. Pollination in four species of Mouriri has been observed (Table 4) 
SEED DISPERSAL IN MELASTOMATACEAE
Of the neotropical Melastomataceae, 40% have capsular fruits and wind-dispersed seeds (Renner, 1986) . The remaining 60% have soft, juicy berries and endozoochorous seeds. Animal-dispersed Melastomataceae are most diverse in lowlands and montane forests, whereas the capsular-fruited tribes are richest in species in various types of savannas. Melastome capsules are often sturdy and persist on the plants for many months, during which the seeds are gradually shaken out. There are no data on dispersal distances in the wind-dispersed species; however, the many striking disjunctions observed in savanna melastomes (Renner, 1987b, and (Huber, 1910) , and ants (pers. obs.).
SEED DISPERSAL IN MEMECYLACEAE
All Memecylaceae have berries, ranging in size from 0.5 to 10 cm long; color at maturity is most commonly yellow to red, less often it is purpleblack to black (Morley, 1976) . The smaller-fruited species are surely bird dispersed; some larger-fruited ones are monkey-dispersed (Roosmalen, 1985) . Fish eat the fruits of at least one riverine Mouriri species (Goulding, 1980) , which is curious, since Morley (1976) reported that two other species are used for poisoning fish. Statements that "details of the structure of the anthers doubtless relate to mechanisms of pollination" (Cronquist, 1981) or "in a family, such as the Melastomataceae, where floral evolution has been extensive, one may logically conclude that the diverse floral types represent adaptations to different pollination systems" (Almeda, 1977) are not corroborated by field data. Rather, Melastomataceae seem to confirm Macior's (1971) suggestion that buzz pollination is so successful a system that, once it is established, hardly any other pollination mechanism evolves, even in species-rich groups. Compared with other families, such as Lecythidaceae, Gesneriaceae, and Bignoniaceae, for which the overall pollination spectrum is fairly well known, Melastomataceae and Memecylaceae show little diversification in floral morphology and pollination strategies. In this they resemble Malpighiaceae (Anderson, 1979) and Solanaceae (Symon, 1979), which also have relatively specialized pollination systems and faithful bee pollinators. Such lack of diversification could be interpreted as the result of being stuck on an adaptive peak.
Melastomataceae that offer nectar are pollinated by a broader range of pollinator classes, namely by hummingbirds, bats, rodents, and bees; this statement applies to the individual species as well, several of which have more than one important pollinator type, for instance birds and bats in Tibouchina grossa and bees and rodents in Blakea chlorantha. Cruden (1972) suggested, as a possible
